(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Orgaoizatlon 

Internationa] Bureau 

(43) iDternational Publication Date 
31 January 2002 (31,01.2002) 




PCT 



(10) International Publication Number 

wo 02/08805 A2 



(51) IDternational Patent Ciassificatton^: 



G02B6/00 



(21) International AppUcation Number: PCT/USO 1/2 1740 

(22) International Filing Date: 10 July 2001 (10.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/219.398 



19 July 2000 (19.07.2000) US 



(71) Applicant (for all designated States except US): THE 
JOHNS HOPKINS UNIVERSITY [USAJS]; Applied 
Physics Laboratory, 11 100 Johns Hopkins Road, Laurel. 
MD 20723-6099 (US). 

(72) Inventors; and 

(75) Inventors/AppUcants (/or C/Son/y;: PERRY, Alexander, 
S. [US/US]; S667 Open Meadow Way, Columbia, MD 
21045 (US). MURRAY, George, M [USAJS]; 9485 
African Hill Court, Columbia, MD 21045 (US). 



(74) Agents: GRAF, Ernest, R. el al.; The Johns Hopkins Uni- 
versity, Applied Physics Laboratory, 1 1100 Johns Hopkins 
Road, Uurel, MD 20723-6099 (US). 

(81) Designated States (national): AB, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE. DK, DM, DZ, EC, EE, ES, R, GB, GD, GE. GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE. KG, KP, KR. KZ, LC. 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ. NO, NZ, PL. FT, RO. RU, SD. SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ. UA, UG, US, UZ, VN, YU, ZA, 

zw. 

(84) Designated States (regional): ARIPO patent (GH. GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU. TJ, TM), European 
patent (AT. BE. CH, CY, DE, DK, ES, H, FR, GB, GR. IE, 
rr. LU, MC, NL. PT. SE, TR), OAPI patent (BP, BJ, CF, 
CG, CI, CM. GA, GN, GW. ML. MR, NE. SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

— entirely in electronic form (except for this front page) and 
available upon request from the International Bureau 

[Continued on next page] 



= (54) Title: FIBER OPTIC COUPLER WITH IN-LINE OPTICAL COMPONENT 





rs 

< 

22 (5*7) Abstract: A coupler for coupling first and second fiber optic cables terminating in first and second connectors having first and 
3S second ferrules, respectively. The coupler includes a holder element and a mating element. The holder element defines a channel 
^ for receiving the first ferrule and a socket aligned with the channel for receiving an optical component. The holder element further 
ClJ defines a first cable connector adapted for connection to the first connector and a first element connector opposite said first cable 

connector The mating element defines a channel for receiving the second ferrule, a second cable connector adapted for connection 
O to the second connector and a second element connector opposite the second cable connector. Accordingly, the holder element and 

mating element arc connectable to house an optical component aligned with the channels and positionable substantially contiguous 
^ with the first and second ferrules when attached thereto. 
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FIB£R OPTIC COUPLER WITH IN-LINE OPTICAL COMPONENT 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of prior filed co-pending U.S. 
Provisional application No. 60/219,398, filed on July 19, 2000, the disclosure of which is 
hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates generally to fiber optic couplers and 
particularly to a fiber optic coupler with an in-line optical component. 

2. Description of the Related Art 

[0003] In the field of fiber optics, it is often necessary to operate on an optical 
beam carried by an optical fiber using an optical component. For example, such optical 
components may include filters, such as colored glass, interference or neutral density 
filters, e.g. for blocking out or passing specific wavelengths of light, attenuators for 
reducing optical power to a desired range, polarizers for controlling the polarization of 
light, and isolators for preventing back reflections and other noise firom reaching sensitive 
optical components. Such optical components are well known in the art. 

[0004] A variety of 'T)ench top" devices are known for use in a laboratory to 
set up optical components and fiber optic cables to allow access to and operation upon an 
optical beam. For example, Thor Labs of Newton, New Jersey, USA and Ocean Optics, 
Inc. of Dunedin, Florida, USA offer typical devices. These devices are adapted to position 
and hold a pair of fiber optic cables (and therefore fibers) in alignment at a specified 
distance firom each other, e.g., approximately 1 to 2 inches. These devices include a 
structure permitting an optical component to be positioned therebetween to perform flie 
desired operation on the optical beam after it exits the first fiber/cable and before it enters 
the second fiber/cable. 

[0005] It will be appreciated that optical fibers provide for complete intemal 
reflection of light and therefore there is little dissipation of light as it propagates along a 
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continuous fiber. Where light dissipation will typically occur is at any interface between 
two mediums having different refractive indices, e.g. at a fiber/air interface, such as at the 
end of a single fiber or between two fibers held by a bench top device. Accordingly, as 
soon as the light leaves the first fiber and travels through the open air, the light begins to 
dissipate and/or diverge. This effect is significant even over the relatively short distance 
between the fibers when mounted in such bench top devices. Accordingly, each bench top 
device requires a pair of collimation lenses to focus the dissipating/diverging beam of 
light. In a bench top device, one such lens is positioned between each fiber and the optical 
component. These lenses are relatively expensive, typically costing hundreds of dollars 
and being the most expensive components in the bench top device. 

[0006] There is a current trend toward the use of fiber optics in various pieces 
of equipment, and towards miniaturization of such equipment, e.g. to develop handheld 
devices. Such bench top devices are sufficiently large in size, e.g., approximately three 
inches by six inches by two inches, to be unsuitable for use in typical hand-held devices. 
The optical component is typically relatively large, e.g., greater than one-half inch square 
or approximately one inch roimd to accoimt for inaccuracies in positioning of the fibers 
and/or optical component, and to facilitate handling. Such an arrangement is wastefiil of 
optical component materials and contributes unnecessarily to the cost of the device. 

[0007] Additionally, bench top devices require a high degree of precision in 
alignment of the fibers and optical component, and are therefore subject to a risk of 
misalignment due to jarring, etc. Some such devices have adjustments to permit 
realignment, but any realignment process requires an undesirable amount of work and 
time. 

[0008] While some couples witti in-line optical components are known in the 
art, such couplers lack sufficient versatility to permit easy interchangeability of optical 
components and/or to allow for int^hangeability of optical components of various 
thicknesses, particularly for connectors unlike the ST and FC connectors, which have 
floating, spring-biased designs and therefore have a degree of built-in versatility. Unlike 
telecommunications applications, which primarily involve long-tenn use of a pre-selected 
optical component in a given coupler, in spectroscopic applications, optical components 
must often be interchanged for a given coupler, e.g. when using a different sensor to 
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perfoim a diJBferent analysis, or when analyzing a next, different substance. 

[0009] What is needed is a compact, lens-free fiber optic coupler that provides 
for secure alignment of fibers, conservation of optical component materials, easy 
interchangeability of optical components, e.g. without the need for supplemental support 
structures such as bushings, sleeves or rings, and accommodation of interchangeable 
optical components of various thicknesses, and therefore various types. 

SUMMARY OF THE INVENTION 
[00010] The present mvention provides such a fiber optic coupler. In particular, 
the present invention provides a coupler for coupling a first fiber optic cable terminating in 
a first comiector having a first ferrule to a second fiber optic cable terminating in a second 
connector having a second ferrule. The coupler includes a holder element and a mating 
element. The holder element defines a channel for receiving the Gist ferrule and a socket 
aUgned with the channel for receiving an optical component. The holder element fiirther 
defines a first cable connector adapted for connection to the first connector and a first 
element connector opposite said first cable connector. The mating element defines a 
channel for receiving the second ferrule, a second cable connector adapted for connection 
to the second coimector and a second element connector opposite the second cable 
connector. 

[0001 1] Accordingly, the holder element and mating element are connectable, 
with an optical component disposed within a coupler body defined cooperatively by the 
holder and mating elements, the optical component being aligned witti the chamels and 
positionable substantially contiguous with the first and second ferrules when attached 
thereto. The holder element and mating element are also readily disconnectable to allow 
for an easy exchange of optical components. The coupler eliminates the need for 
collimating lenses required by bench top devices and is compact, e.g. less than 
approximately one inch by one-half inch by one-half inch. In this manner, optical 
con^onent materials may be conserved by fabricating them to fit within these relatively 
small dimensions. 

[00012] The holder and mating el^ents are connectable in a maimer permitting 
adjustment of the size of an internal chamber for holding an optical component, e.g by 
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adjusting the extent to which one element is threaded onto the other. This allows the 
coupler to accommodate optical components of various thicknesses, regardless of whether 
the fiber optic connector is adapted to connect to fiber optic connectors having a floating, 
spring-biased design. 

[00013] A kit including at least one coupler and a pluraUty of optical 
components is also provided. The kit may also include additional couplers for 
accommodating the optical elements, e.g. to connect to various types of fiber optic 
connectors. Optionally, the holder elements and mating elements may be configured such 
that every holder element is connectable to every mating element, so that a coupler may be 
assembled to act as an adapter for coupling a first fiber optic cable, having a first type of 
connector, to a second fiber optic cable, having a second type of connector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00014] Figure 1 is an exploded elevational view of an exemplary coupler in 
accordance with a first embodiment of the present invention; 

[00015] Figure 2 is an elevational view of the coupler of Figure 1 showing the 
coupler assembled and housing an optical component; 

[00016] Figure 3 is an elevational view of the assembled coupler of Figure 2, 
showing an SMA connector attached to one end; 

[00017] Figure 4 is an elevational view of the assembled coupler of Figure 2, 
showing an SMA connector attached to both ends; 

[00018] Figure 5 is an exploded perspective view of an exemplary coupler in 
accordance with a second embodiment of the present invention; 

[00019] Figure 6 is an exploded perspective view of a partially assembled 
coupler of Figure 5; and 

[00020] Figure 7 is a perspective view of an assembled coupler of Figure 5, 
showing an SMA connector attached to both ends. 

DESCRBPTTON OF THE PREFERRED EMBODIMENT(S) 
[00021] The present invention provides a fiber optic coupler with in-line optical 
component. The coupler may be used for coupling a first fiber optic cable terminating in a 
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first connector to a second fiber optic cable terminating in a second connector. A fiber 
optic coupler in accordance with the present invention may be configured for use with 
fiber optic cable terminating in various types of connectors including, for example, SMA, 
FC, ST, LC, and SC, type connectors. These and other connectors are well known m the 
art and therefore there is no need to illustrate each of them herein. Figures 1-4 show an 
exemplary fiber optic coupler according to a first embodiment of the present invention for 
coupling SMA-type connectors. 

[00022] Conceptually, the fiber optic coupler of the present invention is a 
compact, lens-firee design that holds an optical element and allows for aligning and 
coupling of two fiber optic connectors with the optical component therebetween, leaving 
the optical fibers substantially contiguous with the optical component. This is typically 
best achieved by placing the ferrules of the connectors substantially contiguous with the 
optical component. As used herein, "substantially contiguous" means sufficiently close in 
proximity so as not to require a collimating or other lens to reduce dissipation and/or 
divergence to an acceptable level, and more particularly, in contact with, or as nearly in 
contact as the structure of the ferrule/connector will permit. It will be appreciated that a 
small gap, e.g. in the range of 50-150 microns, will not preclude an optical component and 
optical fiber or ferrule firom being "substantially contiguous", but a smaller gap or no gap 
is more desirable, since such gaps allow dissipation/divergence of ligjit, as discussed 
above. Additionally, the coupler is of a multi-piece design, the pieces being readily 
disconnectable to allow for an easy exchange of optical components. The holder and 
mating elements are adjustably coimectable to adjust the length of an internal chamber for 
holding an optical component, e.g. by adjusting the extent to which one element is 
threaded onto the other. In this maimer, the coupler can accommodate optical components 
of various thicknesses for any type of fiber optic connector/tennination. 

[00023] The exemplary fiber optic coupler shown in Figures 1-4 is a two-piece 
design, and therefore the coupler body includes only a holder element 10 and a mating 
element 40. An exemplary alternate three-piece design is discussed below with reference 
to Figures 5-7. 

[00024] The holder element 10 and mating element 40 each have a first end 12, 
42 including a cable connector 14, 44 for connecting to the desired fiber optic cable 
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connector. In the exemplary holder element in Figures 1-4, both the holder element 10 
and mating elemait 40 are configured with cable connectors 14, 44 having external 
threads 16, 46 for connecting to intemally threaded fiber optic connectors, e.g. SMA or FC 
type connectors. However, the cable connectors 14, 44 may have other structures that do 
not include threads, as necessary for connecting to other types of connectors. For 
example, for an SC type connector, the cable connectors 14, 44 may be configured with a 
push-pull type plug, and for an ST type connector, the cable connectors 14, 44 may be 
configured with a quick-release bayonet coupling. Suitable cable connector structures for 
connecting to fiber optic connectors are well known in the art. Each cable connector may 
have any such structure. 

[00025] Each coupler design referred to above may be configured for use as a 
simple coupler, i.e. to join two connectors of a single type (e.g. SMA) as shown in Figures 
1-4. Altematively, each coupler design may be configured for use as an adapter, i.e. to 
optically couple a fiber optic cable having a first type of connector, e.g. SMA, to a fiber 
optic cable havinjg a second type of connector, e.g. SC. For example, the cable connector 
14 of the holder element 10 could be configured with extemal threads to connect to an 
SMA coimector, and the cable connector 44 of the mating element 40 could be configured 
with a push-pull type plug (not shown) to connect to an ST type connector. 

[00026] The holder element 10 and mating element 40 each have a second end 
18, 48 including an element connector 20, 50. The element connectors 20, 50 are 
complementary for attaching the holder element 10 to the mating element 40. The 
exemplary coupler of Figures 1-4 is of a threaded design, meaning that the holder element 
10 and mating element 40 are may be mechanically coupled by threads to form the coupler 
body. In Figure 1, the holder element 10 has extemal threads 22 and the mating element 
40 has complementary internal threads 52. In an alternative embodiment, the holder 
element includes the internal threads and the mating element includes complementary 
extemal threads. Any other suitable coupling, including permanent and non-permanent 
methods and/or structures, may be used to couple the holder element 10 and mating 
element 40. A threaded design is advantageous because it is non-permanoit in that it 
allows the holder element and mating element to be readily disass^bled and reassembled, 
e.g. to replace or exchange an optical component as discussed further below, and because 
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it allows for adjustment of the position of the holder element relative to the mating 
element to define internal chambers of various sizes and to thereby accommodate optical 
components of various thickness, as discussed further below, 

[00027] The holder and mating elements 10, 40 each define a channel 24, 54 
therethrough for receiving first and second ferrules of the fiber optic cable connectors to 
which the holder and mating elements 10, 40 are configured to be attached. The channels 
24, 54 may have any structure suitable for mating with a corresponding ferrule of a 
corresponding connector. The channels 24, 54 are positioned to be in optical aUgnment 
when the holder element 10 and mating element 40 are coupled. In the exemplary holder 
element 10 and mating element 40 of Figures 1-4, the channels 24, 54 include notched 
portions 26, 56. In this manner, the holder element 10 and mating element 40 have 
structure suitable for coupUng to a "stepped down" or "necked" ferrule of a 906-style SMA 
connector. Such structure is generally known in the art for standard couplers and/or 
adapters. 

[00028] The holder element 10 includes a socket 28 generally ahgned with the 
channel 24 so as to receive and position an optical component, e.g. 4, in the path of an 
optical beam carried by a fiber carried by a cable attachable to the holder element 10. 
Optionally, the socket 28 may have a cross-sectional area greater than a cross-sectional 
area of the channel adjacent the socket. In this manner, aportionSO of an interior wall of 
the holder element 10 serves as a stop for receiving an optical elemmt Optionally, this 
surface 30 may also serve as a clamping surfece for retaming the optical element, e.g. in 
embodiments in which the length of the channel is no less than the length of the ferrule of 
a corresponding connector. As shown in Figure 1, the cross-sectional areas extend out of 
the plane of Figure 1 . For example, the socket 28 may be circular or rectangular in cross- 
section, or irregular or "keyed" in cross-section. The holder element 10 and mating 
element 40 are configured such that when connected, they form an internal chamber for 
retaining the optical component, as discussed further below. 

[00029] In some embodiments, such as that shown in Figures 1-4, the element 
connectors 20, 50 of flie holder and mating elements 10, 40 are configured to provide a 
longitudinally adjustable connector. In this manner, the holder and mating elements 10, 
40 are adjustably connectable to define an internal chamber 66 of various lengths. 
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Accordingly, the chamber may accommodate optical components 4 of various thicknesses, 
and therefore various optical components, includmg optical components of different types, 
may be interchangeably used with the coupler. This is desirable, for example, when a 
coupler and multiple optical components are included in a kit, as discussed further below. 
For example, the longitudinally adjustable connector may include complementary threads 
or a comparable design, such as a sliding sleeve design having a set-screw or locking clip 
to fix the relative positions of the sleeves. For example, the mating element 40 of Figures 
M may be threaded onto the holder element 10 to a lesser extent to define a longer 
chamber for accommodating a longer optical element, or to a greater extent to define a 
shorter chamber for accommodating a shorter optical element. Additionally, the 
longitudinally adjustable connector allows the chamber 66 to be adjusted in length while 
maintaining closure of the chamber 66 to reduce dissipation and/or escape of Ught. To 
that end, it may be preferable that the internal surfaces of the holder and mating elements 
10, 40 are highly reflective, e.g. polished stainless steel or other metal, and/or that an 
external surface of the optical component 4 is highly reflective, e.g. havmg a reflective 
coating. In this manner, a significant portion of any light escaping the fiber(s) is reflected 
from the boundary back into the fiber(s). 

[00030] Optionally, as in Figures 1-4, the channel 24 of the holder element 10 is 
shorter in length than the fermle of the connector to which the holder element 10 is 
adapted to connect. This causes the ferrule to extend into the socket 28 when coupled to 
the holder element 10 and to ensure contact with the optical component 4. In the 
exemplary coupler of Figures 1-4, the channel is sufficiently short to cause the optical 
component 4 to at least partially extend beyond the second end 18 of the holder element 
10. Advantageously, this allows the holder and mating elements 10, 40 to accommodate a 
relatively broad range of thicknesses of optical components. Specifically, this allows the 
mating element 40, in cooperation with the first ferrale, to lock the optical component 4 in 
place when threaded onto the holder element 10, as shown in Figure 3. To that end, the 
socket 28, or chamber as defined at least partially by the socket when the coupler body is 
assembled, may have a length greater than a thickness of the optical component and a 
substantially uniform cross-section along its length to pemut sliding movement of an 
optical component 4 within the socket 28, as discussed further below. Accordingly, the 
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channel 54 of the mating element 40 need not be shorter than the length of the ferrule of 
the second connector attachable to the mating element 40. 

[00031] In another embodiment, both channels may be shorter than their 
respective ferrules such that the ferrules cooperate to lock the optical component 4 in 
place. 

[00032] Optionally, the holder element 1 0 and/or the mating element 40 may 
include an enlarged cross-section grasping portion 32, 62 to facilitate graspmg and/or 
tightening of the connectors. Such grasping portions are well known in the art, e.g. for 
known SMA and FC type connectors. For example, such portions 32, 62 may present a 
knurled, hexagonal or substantially rectangular outer surface. 

[00033] In use, the coupler of Figures M is first disassembled, if necessary to 
separate the holder element 10 and mating element 40. An optical component 4, such as a 
colored glass filter, may then be inserted into the socket 28 of the holder element 10. The 
relatively deep socket 28 serves to securely hold the optical component in place. 

[00034] Figure 2 is an elevational view of the coupler of Figure 1 showing the 
holder element 10 and mating element 40 assembled to form a coupler housing an optical 
component 4. Referring now to Figure 2, the holder and mating elements 10, 40 are then 
connected by mating the element connectors 20, 50. For the exemplary coupler of Figures 
1-4, this is achieved by threading the internal threads 52 of mating element 40 onto the 
external threads 22 of holder element 10 as shown in Figure 2. For example, this may 
involve grasping and rotating the grasping portions 32, 62 of the holder element 10 and 
mating element 40. 

[00035] In the embodiment shown m Figures 1-4, this causes the optical 
component 4 to be slideably retained within a chamber 66 formed by the socket 28 of the 
holder element 10 and an internal surface 60 of the mating element 40. Internal surfaces 
30, 60 cooperate to prevent the optical component 4 firom sUding out of the coupler when 
the coupler is not connected to two optical fiber connectors. In alternate embodiments, the 
socket may have a depth that prevents the optical component from sliding within the 
chamber 66. 

[00036] Referring now to Figure 3, a first fiber optic cable, i.e. fiber optic 
connector, may then be attached to the holder element 10. For the exemplary coupler of 
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Figures 1-4, this involves threading the internal threads of SMA connector 72 onto the 
external threads 16 of the cable connector 14 of the holder element 10. This causes the 
ferrule 74 of the SMA connector 72 to enter the channel 24 of the holder element 10 and 
to become substantially contiguous with, e.g. to contact, the optical component 4. By 
adjusting the extent of advancement of the comiector 72 onto the holder element 10 and/or 
the extent of advancement of the mating element 40 onto the holder element 10, it may be 
ensured that the ferrule 72 of the connector is substantially contiguous with the optical 
component 4. Preferably, the connector 72 will fully seat with the holder element 10, e.g. 
with the stepped up ferrule 74 nesting in the notched portion 26 and all necessary 
adjustment may be made between the holder element 10 and mating element 40. This 
promotes stability, security, and proper alignment of the connector 72 with the holder 
element 10. 

[000371 ^ the exemplary coupler shown in Figures 1 -4, this adjustment causes 
the optical component 4 to the rest against internal surfaces 60 of the mating element 40. 
In this manner, the optical component 4 is braced by the internal surfaces 60 of the mating 
element 40 and is clamped in place by cooperation of the ferrule 74 and the internal 
surfaces 60 of the mating element 40. In an altemate embodiment in which the ferrule 74 
has a length that is not greater than the length of the channel 24, the optical connector may 
be clamped by internal surfaces 30, 60 of both the holder and mating elements 10, 40. It 
will be appreciated that the threaded element connectors 20, 50 of the holder and mating 
elements 10, 40 permit adjustment to provide such clamping of an optical component 4 
having a relatively broad range of thicknesses, regardless of the type of fiber optic 
connector that may be connected to the coupler. 

[00038] Referring now to Figure 4, a second fiber optic cable, e.g. SMA fiber 
optic connector 82 may then be attached to the mating element 40, e.g. by threading the 
internal threads of the SMA connector 82 onto the external threads 46 of the cable 
coimector 44 of the mating element 40. This causes the ferrule 84 of the SMA connector 
82 to enter the channel 54 of the mating element 40 and to become substantially 
contiguous with, e.g. to contact, the optical component 4. In the embodiment shown in 
Figures 1-4, this does not require adjustment of the extent of advancement of the mating 
element 40 onto the holder element 10 because the length of the channel 54 of the mating 
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element 40 is identical the length of the ferrule 84. 

[00039] In alternate embodiments, the channel 54 may be shorter in length, or 
longer in length, which would necessitate an adjustment of the extent of advancement of 
the mating element 40 onto the holder element 10. 

[00040] In this manner, the holder element 10 and mating element 40 are 
comiected to align and couple the first and second fiber optic cables 70, 80 with the optical 
component 4 positioned between the first and second ferrules 74, 84 and substantially 
contiguous therewith. Accordingly, a compact, securely aligned coupler is provided, 
suitable for use in handheld devices, which allows the optical component 4 to operate on 
an optical beam carried by the cables 70, 80, without the need for expensive lenses. 

[00041] An exemplary alternate three-piece design of the coupler is shown in 
Figures 5-7. For clarity, similar parts have been marked with identical reference numerals. 
The three-piece design includes a holder element 10 and a mating element 40 which are 
similarly configured with cable connectors and channels for connecting to fiber optic 
cables 70, 80. Unlike the two-piece design shown in Figures 1-4, the three-piece design 
fiirther includes a joinmg element 68 for connecting the holder element 10 to the mating 
element 40. Accordingly, both the holder element 10 and the mating element 40 second 
ends 18, 48 are adapted for comiection to the joining element 68. In the exemplary 
embodiment shown in Figures 5-7, the holder and mating elements 10, 40 are adapted with 
external threads 23, 43, and the joining element 68 includes complementary internal 
threads 69. Like the two-piece design, this design is advantageous because it allows for 
disassembly and interchangeability of optical components. This three-piece arrangement 
is advantageous because it may be created by modifying, in accordance with the present 
invention, a pair of known couplers (to form the holder and mating elements 10, 40), and 
by using existing common parts as a joining element 68, thereby achieving the novel 
coupler disclosed hereirL 

[00042] It will be appreciated that the coupler and optical components may be 
included in a kit for coupling fiber optic cables. The kit includes at least two optical - 
components having a substantially identical cross-section and a two-piece or three-piece 
coupler as described above. In one embodiment, the kit includes a single coupler 
including a single holder element and single mating element. Such a kit may be 
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configured for use with connectors of a single type, e.g. an SMA connector. In another 
embodiment, the kit further includes at least a second coupler for coupling connectors of a 
second type, e.g. an FC connector. Such a kit may be used for connectors of SMA and FC 
type. In another embodiment, the kit includes first and second couplers and the holder 
element of the first coupler is connectable to the mating element of the second coupler, 
and the second holder element of the second coupler is connectable to the mating element 
of the first coupler. In other words, all holder elements of the kit have element connectors 
that are similarly configured, all mating elements of the kit have element connectors that 
are similarly configured, and therefore every holder element of the kit is connectable to 
every mating element of tiie kit. In this manner, the kit may be used to make a variety of 
simple couplers and adapters, each of which is adjustable to fit any of the optical 
components included in the kit. 

[00043] Having thus described particular embodiments of the invention, various 
alterations, modifications, and improvements will readily occur to those skilled in the art. 
Such alterations, modifications and improvements as are made obvious by this disclosure 
are intended to be part of this description though not expressly stated herein, and are 
intended to be within the spirit and scope of the invention. Accordingly, the foregoing 
description is by way of example only, and not limiting. The invention is limited only as 
defined in the following claims and equivalents thereto. 
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CLAIMS 

1 1 . A coupler for coupling a first fiber optic cable, tenninating in a first connector 

2 having a first ferrule, to a second fiber optic cable, terminating in a second connector 

3 having a second ferrule, said coupler comprising: 

4 a holder element defining a channel therethrough for receiving the first ferrule, 

5 and a socket aligned with said channel for receiving an optical component, said holder 

6 element further defining a first cable connector ad£5)ted for connection to the first 

7 connector and a first element connector opposite said first cable connector; 

8 a mating element defining a channel therethrough for receiving the second 

9 feirule, said mating element fiirther defining a second cable connector adapted for 

10 connection to the second connector and a second element connector opposite said 

1 1 second cable connector; and 

12 an optical component positionable within said holder element; 
13 

14 whereby said holder elemrat and said mating element are connectable by said first 

15 and second elanent coimectors to align and couple the first and second fiber optic 

16 cables with said optical component positioned between flie first and second ferrules 

17 and substantially contiguous therewith when the first and second connectors are 

18 connected to said first and second cable connectors. 

1 2. The coupler of claim 1, wherem said holder element and said mating element 

2 are connectable to define a chamber intermediate said first and second cable 

3 connectors, said chamber having a cross-sectional area greater than a cross-sectional 

4 area of said channel adjacent said chamber. 
1 
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1 3. The coupler of claim 1, wherein said element connectors of said holder 

2 element and said mating element cooperate to form a longitudinally adjustable 

3 comiector. 

1 4. The coupler of claim 1, wherein said first and second element connectors of 

2 said bolder element and said mating element are comiected to define a coupler body 

3 housing said optical component. 

1 5. The coupler of claim 3, wherein one of said element comectors comprises 

2 external threads and another of said element connectors comprises complementary 

3 internal threads. 

1 6. The coupler of claim 4, wherein said chamber has a length greater than a 

2 thickness of said optical component, and wherein a portion of said channel defined by 

3 said holder element is shorter in laigfli than the ferrule of the connector to which said 

4 holder element is ad^ted to connect. 

1 7. ThecouplerofclaimljWherem said cable connectors of said holder element 

2 and said mating element are adapted for connection to a first type of connector. 

1 8. The coupler of claim 7, wherem said cable connectors comprise external 

2 tibreads for connection to the first and second coimectors. 

1 9. The coiq)lerofclaim 8, wherein said chamb^ has a lengSi greater than a 

2 thickness of said optical component, and wherein a portion of said channel defined by 

3 said holder elOTient is shorter in length than the ferrale of the connector to which said 

4 holder element is ad^ted to connect. 

1 10. The coupler of claim 1, wherein said cable connector of said holder elemrat is 

2 ad^ted for connection to a first type of connector, and wherein said cable connector 

3 of said holder is adapted for connection to a second type of connector. 
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1 11. The coupler of claim 1, further comprising a joining element for connecting 

2 said holder elemmt to said mating element. 

1 12. A coupler for coupling a first fiber optic cable terminating in a first connector 

2 having a first ferrule to a second fiber optic cable tenninating in a second connector 

3 having a second ferrule, said coupler comprising: 

4 a holder element defining a channel therethrough for receiving die first ferrule, 

5 and a socket aligned with said channel for receiving an optical component, said socket 

6 having a cross-sectional area greater than a cross-sectional area of said channel 

7 adjacent said sodcet, said holder element fiirth^ defining a first cable connector 

8 adapted for connection to the fijrst connector and a first element coimector opposite 

9 said first cable connector; and 

10 a mating element defining a channel therethrough for receiving the second 

1 1 feirule, said mating element fiirther defining a second cable connector adapted for 

12 connection to the second coimector and a second element connector opposite said 

13 second cable coimector, said mating elemoit defining a surface capable of at least 

14 partially closing said socket to define a chamber when said mating element is 

15 connected to said holder element; 
16 

17 whereby said holder element and said mating element are connectable by said first 

18 and second elemmt connectors to align and couple &e first and second fiber optic 

19 cables with an optical component positioned between the first and second ferrules and 

20 substantially contiguous therewitii. 

1 13. The coupler of claim 12, wherein said holder element and said mating element 

2 are connectable by a joining element 

1 14. The coupler of claim 12, wherein said first and second element connectors are 

2 conQ)lementary for attachment to one another. 



wo 02/08805 



16 



PCT/USOl/21740 



1 15. The coupler of claim 14, wherein one of said element connectors comprises 

2 external threads and another of said element comiectors comprises complementary 

3 internal threads. 

1 16. The coupler of claim 12, >;^4ierein said socket has a length greater than a 

2 thickness of said optical component, and wherein said channel of said holder element 

3 is shorter in length than the ferrule of the comiector to which said holder elraaent is 

4 adapted to connect 

1 17. The coupler of claim 12, wherein said first and second cable connectors are 

2 adapted for connection to a first type of connector. 

1 18. The coupler of claim 1 7, wherein said first and second cable connectors 

2 comprise external threads for connection to the first and second coimectors. 

1 19. The coupler of claim 18, wherein said socket has a length greater than a 

2 thickness of said optical component, and wherem said chaimel of said holder element 

3 is shorter in length than the ferrule of the comiector to which said holdCT element is 

4 adapted to connect. 

1 20. The coupler of claim 12, wherein said first cable connector is adapted for 

2 connection to a first type of connector, and wharein said second cable connector is 

3 adapted for connection to a second type of connector. 
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1 21 . A coupler for coiq>ling a first fiber optic cable terminating in a first connector 

2 having a first ferrule to a second fiber optic cable terminating in a second connector 

3 having a second ferrule, said coupler comprising: 

4 a holder element defining a diannel therethrough for receiving the first ferrule, 

5 and a socket aligned with said channel for receiving an optical component, said holder 

6 element fiirther defining a first cable connector adapted for connection to the first 

7 connector and a first element coimector opposite said first cable connector, said first 

8 element connector comprising external threads; and 

9 a mating element defining a channel therethrough for receiving the second 

10 ferrule, said mating element fiirther defining a clamping surface and a second cable 

1 1 connector adapted for connection to the second connector and a second element 

12 connector opposite said second cable connector, said second element coimector 

13 comprising mtemal threads complementary to said external threads of said holder 

14 element; 
15 

16 whereby said first element comiector is threadable onto said second element 

17 connector to align and couple the first and second fiber optic cables with an optical 

18 component positioned in contact with said clamping surface and between tiie first and 

19 second ferrules and substantially contiguous therewith. 

1 22. The coupler of claim 21, wherein said socket having a cross-sectional area 

2 greater tiian a cross-sectional area of said channel adjacent said socket. 



wo 02/08805 



18 



PCTAJSOl/21740 



1 23. A kit for coupling fiber optic cables terminating in first and second connectors 

2 having first and second ferrules, respectively, said kit comprising: 

3 a plurality of optical components, each of said plurality of optical components 

4 having distinct optical characteristics, each of said plurality of optical components 

5 having a substantially identical cross-section; and 

6 a coupler for coupling first fiber optic cables terminating in first and second 

7 connectors, said coupler comprising: 

8 a holder element defining a channel therethrough for receiving the first 

9 ferrule, and a socket aligned with said channel for receiving an optical component, 

10 said holder element fiirther defining a first cable connector adapted for coimection to 

11 the first connector and a first element comiector opposite said first cable coimector; 

12 a matmg element defining a channel therethrough for receiving the 

13 second ferrule, said mating elanent fiirther defining a second cable coimector adapted 

14 for connection to the second coimector and a second element coimector opposite said 

15 second cable connector; 
16 

17 whereby said holder element and said mating element are connectable by said first 

18 and second element coimectors to align and couple said first and second fiber optic 

19 cables with at least one of said plurality or optical components positioned between 

20 said first and second fmrules and substantially contiguous therewith, each of said 

21 plurality of optical elements being interchangeably positionable within said coi^ler. 
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1 24. The kit of claim 23» wherein said cable connectors .of said holder element and 

2 said mating element are adapted for connection to a first type of connectors, said kit 
3 . furtha: comprising: 

4 a second coupler for coupling first fiber optic cables terminating in first and 

5 second connectors, said coiq>ler comprising: 

6 . a second holder element defining a channel thereOnx)ugh for receiving 



7 the first ferrule, and a socket aligaed with said channel for receiving an optical 

8 component, said socket having a cross-sectional area greater than a cross-sectional 

9 area of said channel adjacent said socket, said holder element fiirther defining a first 

10 cable connector adapted for coimection to the first connector and a first element 

1 1 connector opposite said first cable coimector, and 

12 a second mating element defining a channel therethrough for receiving 

13 the second ferrule, said mating elmnent fiirther defining a second cable connector 

14 adapted for connection to the second connector and a second element coimector 

15 opposite said second cable connector; 



16 

17 said second holder element and said second mating el^ent being adapted for 

18 connection to a second type of connectors. 

1 25. The kit of claim 23, wherein said holder element of said coupler is connectable 



2 to said second mating element of said second coupler, and wherein said second holder 

3 element of said second coupler is connectable to said mating elemrat of said coupler. 
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